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A f l ight   invest igat ion has  been  conducted t o  determine  the  aero- 
dynamic characterist ics of a model of a t a i l l e s s  delta-wing-airplane 
configuration having a leading edge  swept back &lo. . T h e s e  data f o r  the 
k c h  rider range between 0.75 and 1.70 w e r e  obtained by w l y z i n g   . t h e  
model responses t o  abrupt up and down elevon  control.movements. 

... 
. The variation of lift-curve  slope C h  with Mach  nuniber was gradual. 

Buffeting  occurred as maximum l i f t  coefficient was approached a t  high 
subsonic  speeds  although no buffet  wa8 present a t   t h e  lower lift 
coefficients. 

The drag r i s e  began a t  approximately M = 0.90; the greatest minimum 
drag  coefficient was about 0.04 at M =I .1.15. The variation of drag  with 
lift, 'with  the  elevon  neutral,  indicated that the  resultant  force  vector 
was inclined  forward of. the normal t o   t h e  wfng at all Mach numbers of the 
teat .  

. .  
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There was a large  increase in hinge-moment coefficients  at  supersonic 
speeds. The elevon was an effective control throughout the speed  range 
covered,  although the  effectiveness was reduced at supersonic. spec-ds. 

I 

' The trarisonic trim chmge. was mild. L 

The model was both s t a t i c a l l y  and dynamically  Etable w i t h  the  center I 

of gravity  located  at 20.7. percent. man aerodynamic chord. The aerodynamic- 

out the Mach  number range. . . 

? center  location  shifted 11 percent of the mean aerodynamic chord though- 
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INTRODUCTION 

NACA RM L51104 

* 

Triangular-wing  plan  forms  with  various  degrees of sweepback and I 

thiclmess  ratios  have  been  propased  for  aircraft  designed  to fly at 
transonic  and  supersonic  speeds, As a result-  of  one of these  proposals, . -  

the  NACA  has conducted a flight  investigation  with  rocket-powered  models 
to  determine  lift, drag, and  longitudinal  stability  and  control  charac- 
teristics  at.  transonic and supersonic  speeds of a delta-wing  tailless 
airplane  configuration, 

" 

.. I 

The  results  of  the  longitudinal  stability  and  control  investigation 
obtained &om .the  flight  tests  of  three  models  of  .the same colifiguration 
at Mach numbers of 0.75 t0.1.28  have  been  presented  in  reference 1. The 
primary  purpose of the  test  reported  herein  was  to  obtain  the  variatlon 
of drag  with  lift-in  the  Mach  number  range from 0.75 to 1.70. In 
addition  to.  the  .drag  results,  stability  derivatives.and  other  aerodynamic 
parameters  evaluated  from  the  flight  are  presented. 
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SYMBOLS 

acceleration,  feet  per  second 2 

wing  aspect  ratio (b2/S) 

wing  span,  feet 

elevon  span  at  trailing  edge,  feet 

wing mean  aerodynamic  chord,  feet 

mean chord  of  elevon  area  aft of hinge  axis,  feet 

chord-force  coefficient,  positive in a forward 
direction (- a2 411 ) 

Q s q  

base drag coefficient s 

'Wn minimmu  drag  c.oef f icient 

I 



hinge-moment. coefficient  at  zero  angle of attack and  elevon 
deflection 

CL lut coefficient (cN cos a + C, s in  a) 

cLo lift coeff ic ient   a t  minimum drag 

% pitching-moment . -  coefficient 
lnoments about center of ~r 

. "  

q= 
. .  

pitcung-moment coefficient at zero  angle of attack and 
elevon  deflection 

normal-force coefficient,  positive toward top of mdel 
from model center  line 2 I 

.(g s 9) 

e g acceleration due t o  grav i ty .  (32.2 ft/sec2) 

.1 IY moment of i ne r t i a  about p i tch  axis 

maximum l i f t -d rag   r a t  i o  

M Mach  number 

I 
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P -  - free-stream stat ic  pressure, pounds per  square  foot 

P period, seconds 

9 dynamic pressure, pounds per  square foot 

R Reynolds number based on wing mean aerodynamic chord 

S ?  w i n g  area including body intercept 

t *  time, seconds 
c 

T 112 . 
time t o  damp t o  one-half  amplitude,  seconds 

I 

I 
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v 
w 
U 
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. 6  

A 

e 

velocity,  feet per second' 

weight-of  model,  pounds 

angle of  attack at-model center of gravity,  degrees 

specific  heat  ratio (1.4) 

elevon  deflection,  positive,  trailing edge down, degrees 

increment 

angle between fuselage  c-enter  line  and.horizonta1 

Derivatives: 

*. . 
. .. 

&- de and so forth, radians per second 
at  ' 

Subscripts : 

ind 

2 

n 

trim 

indicated 

longitudinal 

normal 

denotes trim condition 

MOIXIS AND APPARATUS 

Models 

A three-view d r a w i n g  of the model used in  the fl ight  investigation 
i s  given i n   f i g u r e ' l  and the  physical  characteristics of the model a re  
presented in   t ab le  I. Photographs of the model are  presented as f ig -  
ures 2 and-3. The model fuselage and components  were constructed of 
duralumin, magnesium castthgs, and  magnesium skin. The model  had a 

I 

. 
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del ta  wing with. 60' sweepback  of the  leading edge and 'an aspect  ratio 
.of 2.31, +,he prof i le   a t  all spandse  stations  being an IIAd 65(06)A006.5 
section.  Longitudinal  control was provided by a  single  set of constant- 
chord control  surfaces  (elevons) on the  wing t r a i l i n g  edge. Deflecting 
the  elevons  together  provided  longitudinal  control and, in a ful l -scale  
airplane,  deflecting them di f fe ren t ia l ly  would give  lateral   control.  
The v e r t i c a l   f i n  of the model wa's of triangular  plan form wi.th a leading- 
edge sweepback'of- 600 and had the  s&e a i r fo i l   sec t ion   as   the  w i n g .  

Pr ior  to ' . the   f l ight ,  a known stat ic   load was applied  at  a  -point 
about midspan of the  elevon and the  deflections  at  the  root and midspan 
were measured;. this   cal ibrat ion i n  conjunction-  with  the  recorded  hinge- 
moment data was used t o  correct  the  control  positions  recorded  during 
the   f l i gh t   t e s t  t o  an average sp-wise  &ue. 

The movement of the elevons called for abrupt  pull-ups and push- 
downs operating  at  a fre&ency of about one cycfe per second..  The 
unsealed  control  surfaces were pulsed between about neutral  ( 8  = Oo)- 
and -go i n  an a p p r o x h t e  square-wave motion  throughout the  coasting 
phase of the   f l igh t .  . .  

The wing loading of the model was 30.94 pounds per square foot ,  and 
the  center of gravity was a t  20.7 percent of the mean aerodynamic chord. 

Prior t o  f l ight   tes t ing,   the  model was suspended by shock cords and 
shaken with 871 electromagnetic  shaker a t  frequencies up t o  400 cycles 
per second. A fundamental  frequency of 103' cycles  per second was ' 

observed from the  telemeter  record  taken  during  the ground t 'ests. Only 
the normal .acceleration  channel showed any frequency  response i n L t h e  
ground t e s t s .  Resanances occurred a t  103, 162, 198, and 222 cyc-le8 
per second. 

The technique of launching and boost-  t&.'model t o .  supersonic 
speeds was essentially  the same as  the  technique  described in reference 1. 
A photograph of the booster-model  combination pr ior  t o  launching is .shorn 
as f i - w e  4. 

Apparatus 

. The flight time history as the model traversed  the speed  range was 
transmitted and recorded by a  telemeter system which gave eight channels 
.of information. The measurements made were normal and longitudinal 
acceleration,  control  poBition,  hinge moment, -le .of a t tack ,   to ta l  
pressure,  base  pressure on the  rear  of the model, and a- re ference   s ta t ic  
pressure for determining Mach  number and dynamic pressure; Tnstrumen- 
t a t ion  arrangement i n  a typical  model is shown i n  figure 5. The &@e - 
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of attack was,  measured by. a vane-type indicator  located on a s t ing  ahead 
of the nose of the model. A description-of  this  indicator can be found 
in  reference 2. Due t o  instrument  limitations,  the  range of angles of 
at tack that can be measwed is approximately relat ive to the  center 
l i ne  of the indicator. In the test reported  herein  the  sting was 
deflected down loo from the center line of the model (fig. 1) i n  order 
to  record  higher  positive  values of angle of  attack. A radiosonde 
re leased   a t   f i r ing  was used to  obtain  free-stream  temperature and e t a t i c  
pressure. -Ground equipment consisting of a CW Doppler radar u n i t a n d  
a radar  .tracking  unit was used t o  determine model velocity and position 
in space. 

ANALYSIS OF DATA 

A l l  the data discussed  herein were obtained  during the decelerating 
portion of the   f l ight .  The methods of analysis used i n  reducing the 
data from the   f l igh t  time history  apply to the  free osci l la t ion  resul t ing 
from a step function  disturbance. This disturbance was created by 
pulsing  the  elevons up and down i n  an approximate  square-wave motion 
which resulted  in changes i n  normal acceleration,  angle of- attack, and 
hinge moment.  The longitudina'l  stability waa indicated by the  period 
and r a t e  of decay of the  short-period  longitudinal  oscillations  during 
the  period when the  controls were held  fixed between pulses. The 
analysis of these  longitudinal  oscillations is based on two degrees  of 
freedom, acceleration normal to the   f l ight   path and rotation i n  pi tch 
about the center  opgravity. A more complete discussion of the method6 
and correction6 used i n  reducing  these  data from the flight  time-history 
records t o  the parameters  presented i n   t h i s  paper is given in the 
apgendixes of references 1 and 3 .  

Since  the primary  purpose of t h i s  test was the-determination of. 
the effect of lift on drag, it w88 necessary t o  determine, as  accurately 
as   possible ,   the   minim drag w i t h  neutral elevon.  Therefore, t o  allow 
any flow separation  effects induced by the high  angle-of-attack  portion 
of the  cycle an opportunity t o  disappear,  the  data  presented  for  neutral 
elevon are taken from the second peak following  the  control movement, 

. except- at a Mach  number of 0;74,.where on ly  one peak was obtained due t o  
the  decreased s t a b i l i t y  of the model.. A t  this Ma-ch  number the  data are 
from the first peak. The angle of attack  at-the  indicator w a s  corrected 
t o  the  center-of-gravity  location  as  in  reference 1 and plotted as a 
f'unction of time. The corrected angles of  at tack were then used i n  con- 
junction with the values of normal-force coefficient C ~ J  and chord- 
force  coefficient Cc to,compute lift coefficient CL and drag 
coefficient CD. 

c 

- , '  
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The high  angles of  at tack in  combination with  the  high values of  
ch,. of the unbalanced elevon  resulted- i n  variations in - 8 on the  order 

of l.5O during  the  oscillations.  Therefore,  the lift coefficient was 
corrected by the  equation I 

following  the method of reference I, By t h i s  method the lift data  obtained 
a t  approximately  zero deflection were corrected t o  zero (a~ 7 6) and that 
obtained a t  about -go corrected t o  -go (aS = 8 + go) .  

I 

No corrections, due t o  elevon system f lex ib i l i ty ,  were applied t o  
the drag; as it was estimated  that over the  rsnge of AB'S encountered, 
the aC, values would be within  the-limits of  accuracy of the drag data. 

The f'unctions C k n ,  C k ,  asd dCD/dCL2 were determined  by plott ing 

CD against CL and CD against (CL - C L ~ ) ~  and fa i r ing  curves of the 
.form 

.- 

I 

t 

through  the data points. - The curve so f a i r ed   gene ra l ly   f e l l  between the 
data  points  obtained  with  increasing  angle of attack and those  obtained 
with  decreasing  angle of attack  within  the  probable  accuracy of t h e   t e s t .  

ACCURACY 

- The limitations  of  the  technique employed &re discussed  thoroughly 
in  reference 4. In order t o  adapt the discussion  presented  therein  to 
the  present paper, it is  only  necessary t o  reestimate  the maxirmrm pos- 
sible  errors  in  the  absolute value of CL and CD, due .to the  different 
normal- and longitudinal  accelerometer  ranges. It should be  puphasized I 

! 



that   the  probable error due t o   t h i s  source i s  much less  than  the  values 
presented i n  the  following  table: . 

M Z D  &L 

. .  

f .002 f. 01 1.50 

fO. 009 ' 20.03 0. go 

RFlSULTS AND DISCUSSION 

The Reynolds number range fo r  this t e s t  is given  as a function Of 
Mach  number in figure 6. 

L i f t  

Lift-curve  slope.-  Typical  curves of l i f t  coefficientplotted  against  . .  

angle  of-attack  are shown for Mach numbers of' 1.36, 1.32, 0.82,  and 0.77 
in   f igure 7. Differentsymbols are used f o r  ascending and descending 
values  ofbmgle of attack.. A* M .= 1.56; there i s  very l i t t l e  phase : 

A difference between the ascending and descending  values  ofangle--of  attack. . . .- ... 

There is, however, a phase lag  of angle of attack  with lift coefficient - 
a t  M = 0.82. A n  investigation of the  instrument  responses did not  reveal 
it- possible t o  obtain any phase lag  of comparable magnitude to those 
encountered in t h i s  test-;"The lift-derivatives 

tr ibuted only about 18 percent o f  the maximum l a g   a t  M = 0.82. This 
phase-lag effect  has been evident in  data  obtained from other  pulsed 
control models. One of the  contributing  factors  to  this  effect-could 
possibly  be  the re'sul-kof asymmetric air-flow  separation.  This is sub- 
stantiated by the  increased phase lag at-the  lif?k-coefficients where 
flow  separation  has  probably  occurred as  shown in  f igure 7. 

. .  
" .  

. .  

c% and % con- - 

. . . #  

. .  

The variation of lift-curve  slope C . k  wlth Mach  number is shown 

in figure 8. These values of lift-curve  slope.  are average slope~l  taken 
fo r  CL < 0.25 elevon neut ra l   and .  0.25 e CL c 0.50 elevon  deflected -go, I 

since aome*nonlineari%y was evident f o r  l i f t  coefficient  plotteb-against 
angle of attack. The resu l t s  of previous.. tests  (reference 1) shown i n .  
figure 8 did not show this  nonlinearity; however, t h i s  was probably due 
to  the  l imited amount of datg  obtained a t   t h e  higher l i f t  coefficients..  * 

Theoretical  values of C k  f o r  a del ta  wirig obtained from reference 5 
have been coqected f o r  the  effect  of the  fuselage by the method  of 

. .  

,- . 
L 
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reference 6 and plotted f o r  comp&ison In figure 8. The resu l t s  of the 
* present  test  show a gradual  variation .of with Mach nmber from cLb, 

M = 0.75 t o  M = 1.70 with a maximum value of C h  of,0.054 near 
M = 1.0. 2 

LifE summary.- A summary of the  lift data which includes  the  buffet I 

boundary-  and the maximum attained  in   the  tes t   as   funct ions-  of Mach . :  
number is presented in   f igure  9. A t  M = 0.7'7 and M = 0.82 .(coware I 

' fig.  7 ) ,  the model apparently was operating  near max- .lift coefficient; 
however, t h i s  could  not  be definitely  ascertained  since  the  angie-of- 
attack vane was against i k s  limit stop. The nonlinearity of CL with 
a' near maximum lif't coefficient can also be  seen in f igures  7 and 9. 

Buffet.- Examination of the flight time h is tory  showed the presence 
of high  frequency osci l la t ions  in   the normal acceleration  trace at ' the  
higher lift coefficients below M = 0.94. These osci l la t ions probably 
were the  resul t .of  unsteady  separated air f low developed  during t h e   t e s t  
at the  higher 1st coefficients. A section of t he   f l i gh t  time his tory 
'showing the  existence of this buffet  phenomenon is presented i n  figure 10. 
Buffeting boundary, a~ discussed in t h i s  paper, re fe rs  t o  the l i f t  coef- 
f i c i e n t   a t  which buffeting starts as indicated  by  the appearance of the 
high  frequency  oscillation  in  the normal acceleration  trace.  Inspection 
of figure 10 shows tha t   the  model did  not  buffet   atathe lower l i f t  
coefficients. It can  be seen, however, that where buffeting  occurred, 
the  oscil lation  continues  to a lift coefficient lower than the  point of 
origin:  This may be a t t r ibu ted   to  some aerodynamic effect   or  may 
represent low s t ruc tura l  damping of the-  wing, as the smne .effect was 
evidenced fn the  tests  reported fn references 7 and 8 where buffeting 
was encountered, It should be pointed  out that the amplitudes of the 
buffeting  oscil lations  are  larger by a factor  of approximately 1.5 than 
indicated by the flight records,  because of the reduced  amplitude 
response  characteristics of the  tclemetering system at  the  frequencies 
encountered in t h i s   t e s t  (108 t o  113 cycles per second)'. It may be '  
noted that   these  osci l la t ions occur  near the frequency of the first 
be-  mode of the wtng (103 cycles  per  second). T h i s  same trend was 
evidenced in references 7 t o  9. High frequency  oscillations'were  also 
encoun'tered in   t he  flight t e s t  of  a previous model of the same .configu- 
ration  .with a more f lex ib le  wing; an analysis of these  oscFllations 
(reference 10) proved them t o  be f l u t t e r .  These osci l la t ions encountered 
in reference 10 occurred at lift coefficients  near  zero and &he r a t i o  of  
the  frequency of osci l la t ion  to   the  natural  t o r s i o n a l  frequency was 
about 0.74 which cornpeed favorably  with  ratios of f l u t t e r  frequency t o  
torsional frequency which were obtained Tn the  Lmgley,4.5-foot  f lutter 
reaearch  tunnel  for a 45O del ta  wing (unBublished data).  Therefore-, 
the  oscillations  recorded i n  the  tes t   reported 
coefficients and at the frequency of the f i r s t  11. - 

-. - .. . .. . . 

here in-&  the   h igh   l i f t  
bending mode are  believed 



t o  be the result of the buffet phenon~non, not f lu t t e r .  In figure 9 the 
buffeting boundary is presented Fn terms of lift coefficient as a func- I 

t i on  of' Mach  number, These data  (particularly the buffet  amplitudes) 
may not  be  directly  applicable t o  a full-scale  airplane because of the 
instrumentation  limitations  as  previously stated and the  difference  in 
the mass and stiffness characterist ics of the model and airplane. 

Drag . .  , 
Mnimum drag. - The variation of the m2niMum drag  coefficient = - C  

and the lift coefficient  for minimum drag C b  are  presented as functions 
of Mach number-in figures 11 and 12, respectively. Base drag  coefficients 
are  included i n  a l l  the drag  coefficients. 

Dmin 
. .. . - 

; In  the  neutral  elevon  condition,  the  drag rise OCCUTS a t  about , 

M = 0.90. The greakest- value of the  minimum drag  coefficient is about 
0.040 and occurs at about" M = 1.15. 

The l i f t -  coefficient at minimum drag  exhibits i t s  maximum value, 
about 0.05, at about the same Mach number and decreases t o  a minimum of 
about-0.02 at M = 0.94- and t o  0.030 at M = 1.6. 

. .  

Deflecting the elevon up go produces as increase  in  the minimum drag 
' coefficient on the  order of 0.009 a t  M.= 1.6, but. does not a l t e r   t he  

general shape o f - t h e  curve. The drag r i s e  s t i l l  occurs a t  M = 0.90, 
and the  greatest  value occur8 a t  M = 1.13. Conversely, the magnitude 
of the lift-coefficient at minhum drag is decreased,  although the same 
general  variation w i t h  Mach  number is s t i l l  obtained. 

.. 

Base drag;.- The base pressure of the model was measured a t  one point 
and a flat- pressure  distribution was assumed (angle-of-attack  range was 
between *lo). The base  pressure  drag  coefficient,  based on model  wing 
area, is given as a function ofMach number i n  figure 11. Bo data are 
presented below M = 0.90 because of large  possible  errors i n  t h i s  
portion of the speed  range, due t o   t h e  Ugh ra tes  of change in angle of 
attack. 

Variation of drag  with lift.- The drag  coefficients  for  several lift 
coefficients up to the maximum obtained are presented i n  figures 13 and 14 
as functions of Mach  number for   the  neutral  and -9' elevon  deflection, 
respectively. The data obtained a t  M = 0.74 are from the first peak 
after  the  control returp- to  neutral ,  .and lhay therefore  not be d i rec t ly  
comparable to   the  data obtained at -higher Mach numbers. 



The variation of .CD with (&, - . C L ~ ) ~ ,  -dCD/dCL2, has- been deter- 

mined,  and is presented  as  a  function of  Mach  nurtiber ' in   f igure .l5(a) f o r  
neutral  elevon. Comparison of  dCD/dCL2, elevon  neutral,.  with I/~L, 

shows that a t  all Mach numbers,.the  resultant-force  vector is rotated 

dCD/dCL2 is greater  than l/d. A t  the  +est  subsonic  speeds of the , . 

tes t ,   there ,  is evidence of 'some nonlinearity ' F n  dCD/dCL2, wich   tends  
t o  increase markedly above a -  CL of about'  0.22. 

L 
. .  

' forward of the  perpendicular to the  wing. A t  suhsonic Mach numbers, 
I 

I 

I 

A comparison between the  experimental results obtained fn the  present 
t e s t   f o r   t h e  wing-fuselage  conibination  with theoret ical  results f o r  8 w i n g  
alone  (obtained f r o m  the  analysis of reference ' Ir) shorn that ' in  the 
present   tes t ,  with neutral  elevon, the  resultant-force  vector is t i l t e d  I 

forward of the normal t o  the wfng from 5O.percent. at M = 1.0- -Eo 
30 percent a t  M = 1.7 of the amount p redc ted  by t h b r y  -for the wing 
alone. 

I 

c 

- 
Deflecting  the  elevon up go - resu l t s  in greater drag a t   a n  lift 

coefficients. Comparison of the drag parameter d%/dCL2 with l / C h ,  
f igure 15(b),shows that, a t   a l l  supersonic  speeds, the  resultant-force 
vector i s  inclined  rearward from the  perpendicular. t o  the  plane of the 
a i r f o i l .  .At subsonic speeds, however, the  resultant-force  vector is 
apparently tilted forward slightly.  The lift coefficient  corresponding 
to   t he  break in   the  var ia t ion of CD with (C!L - C L ~ ) ~  has also been 
increased f r o m  0.22 t o  0.32 a t  subsonic. Mach numbers.. 

Lift-drag  ratio. - The maximum lifti-drag  ratios (L/D),, and the 
lift coefficient  for (L/D)- are  plotted  as  functions of Mach  number 
i n  figure 16 for   neutral  and -go elevon  deflections. No data appear 

less  than  the CL f o r  . (L/D)- In t h i s  Mach  nuniber range. The maxk I 

. above M = 0.90, with  neutral  elevon,  since  the maximum CL attained is 

I 

I 

I 

The lift-drag r a t io s  with elevon  deflected  are  seen t o  be 'Prom 
three-fourths  to  one-Kf  those  obtained  with  the  elevon  neutral. The 
maxlmum lift coefficient  attained falls below the lift coefficient ' 

* f o r  (L/D),, tibove M = 1.21, precluding  the  determination. of it a d  .- (L/D)- above' that hach number.  The low value of (.L/D)- a t  M = 0.77 

-- 
is  due t o  the  scat ter  in the min-Lmum drag at t h i s  Mach nuniber. 

-, 

I 

I 
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Effect of elevon  deflect3on on- &ai. - Since  the  -elevon comprises 
such a large  percentage of the wing a d  has a correspondingly large effect 
on drag it is desirable t o  be ab le   to  compute the  drag a t  various 'trim 
elevon  deflections and lift coefficients. The general  equation  for 
drag as a function of lift due t o  angle of attack is of the form: 

- .  

This  equation, when modified t o  include  the  effect of elevon  deflection 
on drag, w i l l  r esu l t  i n  an expression of  the form 

The data from the  present test, figure 15, indicate dCD/dcL2 t o  be 
Some k c t i o n  Of 6 also.  Results of l o w  Mach  number t e s t s  on t h i s  
S a m  configuration  reported  in  reference 12 show that d C  dCL2 is 

' approximately a l inear  f'unction of 6, I n  the absence of any other 
evidence, it is assumed t h a t   t h i s  result-would  be  independent of Mach 
n d e r .  Hence, 

D/ 
. !  

which should  apply a t  least within  the range of elevon  deflections used - 

A (dC, /dCL2) 
' in t h i s   t e s t .  The parameters aCD- /as2, A C L ~  /A8 , and 

rmn A8 axe 

presented in   f igure  18 as determined from the- test  data. The r e su l t s   i n  - 
figures 15 and 18 are applicable only within  the  range of lift coeffi- 
cients covered i n  the  tes t .  . . 

- . ,  
- - 



Einge Moments 

Effect of e.levon deflection on hinge moment. - The variation of  hinge- 
moment coefficient  with  elevon  deflection chg is given a6 a k c t i o n  of 
Bfach  number Fn figure 19. A t  s e son ic  speeds, C% increases  sharply 
and reaches a mximum magnitude of 0.045 a t  approximately M =, 1.0. 

Effect of angle of attack on hinge moment.-  The variation of hinge- 
moment, coefficient  with  angle of attack is plotted in figure 20 

for the  Wch numbers covered in the   t es t .  The variation is  similar t o  
t ha t  of  C+ with  the m@xFrmM value of -0.027 occurring a t  M = 1-1 for  
neutral  elevon, and about -0.03 at - M = 1.3 for up-elevon. deflections .. . 

cha 

A comparison of the  values of and C determined from the 
chs h, 

present  test  with  those  obtained in reference 1 is presented in fig- 
ures 19 and 20.. Some 00 the  differences  in  values of C h  and C 

between the   t e s t s  may be  attr ibuted t o  nonlinearities. The data  indicate 
tha t  ch may be  nonlinear  with a above 60 a t  M = 1.0. There is also 
the   possibi l i ty   that  C b  may be nonlinear  with 8. - 

45-  

- 
Basic hinge-moment coefficient. - The change In the  basic hinge- 

moment coefficient C b  ~ t h  Mach  nlrmber is given in  figure 21. The 
absolute  values  presented from the  present  test  are questionable because 
of inaccuracies  in measuring small hinge moments. Comparison with  the 
data of reference ,l shows general  agreerent i n  shape, but not in 
magnitude. 

I 

t -. . , 

I 

I 

i 

Sta t ic  Iongitukinal S tab i l i t y  

The masured  periods P of the  short-period  longitudinal  oscilla- 
t ions Fn angle of attack  result ing from the  abrupt movement of , the . 

elevons were used in   determiningthe  s ta t ic-s tabi l i ty  parameters  pre- 
sented  herein. The variation of  period  with Mach m b e r  is  presented 
Fn figure 22. From this   f igure it can  be  seen. that the  period  decreased 
sharply at transonic speeds  with  the  expected more gradual  decrease at 
supersonic  speeds; also, different  values were obtained f o r  neutral- 
and up-elevon conditions. 

* 

The values of period weke used t o  calculate  (for  the  elevon-fixed 
condition)  the  static,   longitudinal  stabil i ty pmameter \, which is 

shown as a function of  Mach  number in figure 23( a). The reduced. frequency 

I 

I 

! 

I 
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parameter k = - equalled 0. (325 withln.28  percent  throughout  the Mach 
2v 

nuniber range. 

The aeroaynamic-cent-er location.(fig.   23(b)) throughout  the Mach 
number range  from 0.88 t o  1.70 was computed from ahd C b .  The 
nonlinearities i n  the l i f t  and pitching moments produced the two curves 
f o r  aerodynamic center as shown i n  f i g w e  23(b). The -aerodynamic center 
with  the  elevon  neutral moves from the most forward location .of 
41.0 percent mean aerodymmic‘chord a t  M = 0.88 t o  the most rearward 

. . location of 52.0 percept mean aerodynamic chord a t -  M = 1.37 Followed 
. by a gradual forw-krd  movement t o  48.0 percent mean aerodynamic chord 

. -  .. . . 

. . -. . . . . 
. .  

at M = 1.65. The  movement of  the aerodynamic cent-er is similar when 
the  elevon is deflected -go. A comparison of the  resul ts  of the  present 
test   with  those of reference 1 (shown in  f ig .  23) shows f a i r  agreement- 
over  the Mach  number range tested. 

.. . 

Damping in  Pitch 

The damping-in-pitch  parameters T1i2 (the  time  required t o  damp 

to   ha l f  amplitude) + and 
% T +  %.E 

( f ig .  24) are determined  by an - 
2v 2v - 

analysis ‘of the   ra te  of decay of the  shozt-period  longitudinal  oscillations 
induced by the  abrupt movement of the -elevon&.. These  damping parameters 
indicate  the model was dyndca l ly   l ong i tud ina l ly~s t ab le   fo r   t he  Mach num- 
ber  range  presented.  Thevalues of 

.” I 

> 

. .  

“me-.+&- . - 
obtained, in reference 1 - m 2v 

are .shown plotted  in  f igure 24(b). The agreement with  previous data 
appears t o  be gaod over  the small M8ch  number range where comparisons 
can be made. 

Longitudinal-Control  Effectiveness 

The effectiveness of the constant-chord  full-span  elevon i n  pro- 
ducing lift and pitching moment is given in   f igure 25. The change i n  
lift coefficient  per  degree of”e1evon deflection C h  shows 8 gradual 

variation-with Mdch  number  fxom a maximum value of 0.019 a t  M = 0.9 t o  
0.0053 a t  M = 1.7. 

. .  

. . . . . . - 

The pitching-effectiveness parameter (fig. 25(b)) remained 
negative  throughout  the.Mach n-er range  covered by the  test,  although - 
the  pitching  effectiveness was. reduced a t  supersonic  speeds. - 



. .  9 . I  

. I  

. - Two more longi tudik-control   effect iveness  parameters  (discussed . 
more f u l l y  fn  the appendix o f  reference l),the change in  trim  angle of 
attack'  per  degree of elevon deflection 

i n  trim lift coefficient  with  elevon  deflection ( C k )  trim, are  presented 

aa functions of Mach  number in  figures 26( a) md . (b). Both of these  f ig- 
ures  serve t o  show the  reduction i n  control  effectiveness at transonic 
and supersonic  speeds, 

( e l t r i m  
and the   r a t e  of change . I  

I 
L 

. .  

I 

A 8unumz-y of these  longitudinal-control  effectiveness  parameters 
, indfcates  the  -elevon was an effective  con"Ol w-ithin the Mach  number . 

. range tested.  Compwisons-of the control: effectiveness  parameters from 
reference 1 with  those  discussed  in  the  preceding  section show good - 

agreement, i 

Longitudinal Trim i 
The basic pitching-moment coefficient $ at zero angle of attack 

and zero  elevon  deflection is shown as a function of  Mach  number i n   f i g -  . I 

w e  27. The trim change was mild  with th& -model tending t o  trim at small 
negative  values of qigle of attack below M = 1.01 and s m a l l  positive 
values above M = 1.01. The out-of-trim moments reached a maxirmrm a t  . . 

M = 1.2 and gradually  decreased t o  &ppr.oximately zero a t  M = 1.7. The 
shape of 'the curve  obtained from this t e s t  is qutte similar t o  that 
reported i n  reference 1 (also shown in  fig.  27),although  there are  some 
diff  ereaces in absolute  values. 

I 

I 

CONCLUSIONS 

From- an analysis of the   r e su ' t s  of t h e   f l i g h t   t e s t  of  a rocket- 
powered  model of a t a i l l e s s   de l t a  wing (60' leading-'edge sweepback). 
airplane  configuration f r o m  E4 = 0.75 t o  M = 1.70, the  f o l la r fng  con- 
clusions are  indicated: 

1. The variation of  lift-curve  slope CL with Maeh n-er M is 

gradual  with a maximum value of 0.054 near- M = 1.0. 

2. -Buffeting is not encoetered   a t  lar and nmderate .lift coefficients 
within the speed  range  covered,  although it is  observed a t  high  subsonic 
speeds  near the maxirmun l i f t  coefficient  attained. 

-. 

. - . .. ~ -.* 

. .. 

. .  



3. The drag r i s e  occurs at approximately M = 0.90; the  greatest  
m i n i m  drag  coeff  ici-ent is about 0.040 a t  M = 1.15. - 

4. Deflecting the elevator up approximately go produces an increase 
i n  the minimtun drag  coefficient of about 0.005 at M = 1.6. 

5. The resultant-force  vector with elevon neut ra l   a t  a l l  speeds and . 

at low l i f t  coefficients is inclfned forward from the normal to  the  plane 
of -the wing. Deflecting  the  'elevon up go rotates the vector behind this 
r e fe rence   a t   a l l  but the lowest Mach nuuibers. 

. .. 
I 

6. The maximrn l i f t -drag   ra t io  ranges from 9.0 t o  about 7.6 a t  high 
, subsonic  speeds with neutral elevon; deflecting  the  elevon up go reduces 
; it by a factor  of--three-fourths  to one-half. 

7. The  hinge-moment coef f ic ien tper  degree of-  elevon  deflection 

increases  sharply a t  subsonic  speeds and reaches a maximum value of- -0.045 
a t  M = 1.0. The  hinge-moment coefficient  per  degree of angle of attack 
% exhibits a similar  variation  with Mach nuniber, reaching a maximum 

value of -0.027 a t  M = 1.1 for   neutral  elevon and -0.030 at M = 1.3  
f o r  90 up elevon. 

8. The elevon is an effective  control throughout the Mach  number 
' range  covered by the  test,  although  the  effectiveness is reduced t o  

about  one-half of i t s  subsonic  value a t  supersonic  speeds. 

9. The transonic trim change is mild. 

10. The aerodynamic-center location with elevon  neutral shows a 
gradual  rearward movement-from 41 percent mean aerodynamic chord a t -  
M = 0.88 to 52 percent mean aeroaynamic chord at M = 1.37 and forward 
t o  48 percent mean aerodynamic chord a t  PI = 1.65. 

11. The damping parameters and coefficients  indicated  that  the con- 
figuration is dynamically longitudinally  stable  throughout- the t e s t  Mach 
nuniber range. 

Langley Aeronautical  Laboratory 
National  Advisory Committee for Aeronautics 

-ley Field, Va. 
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ALRPIANE CONFIGURATIOIT 
I 

WFng: 
Area, s q  ft (included) . . . . . . .  
s p a n , f t . . . . ; . . . . . . . . .  
Aqect   ra t io  . . . . . . . . . . . . .  
Mean aerodynamic chord, ft . . . . .  
Sweepback of -leading edge, deg . . .  
Dihedral. ( re la t ive t o  me811 thickness 
Taper ratio  (Tip chord/Root .chord) . 
A i r f o i l  section . . . . . . . . . .  

e - . .  . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  
l ine  ) , deg . . . . . .  . . . . . .  

. . . . . . . . .  6.25 . . . . . . . . .  3.80 , . . . . . . .  2.31 . . . . . . . .  2.19 . . . . . . . . .  60 . . . . . . . . . .  0 

Vertical tail: 
Area.(outside of fuselage), sq ft . . . . . . . . .  
Height (outside of fuselage), ft . . . . . . . . . . .  
Sweepback of leading edge, deg . . . . . . .  :. . . . .  
Afrfoil section . . . . . . . . . . . . . . . . . .  Taper r a t i o  (Tip chord/Root chord) . . . . . . . . .  

Elevon: 
~ e . . . . . . . . . . . . . . . . . . .  
Area (aft of  hinge l ine ,  one), sq ft . . .  
span. (at t r a i l i n g  edge of wing, one.), ft ; 
Chord (hinge l i n e  t o  t r a i l i n g  edge), ft . 

Weight and balance: . 
Weight, lb . . . . . . . . . . . . . . . .  
Wing loading, lb/sq ft . . . . . . . . . .  
Center-of -gravity  position,  percent M.A. C. 
Moment of i ne r t i a  (I+>, slug-& . . . . . .  

L 

. . . . .  . . . . .  . . . . .  
0 . 0 . .  

. . . . .  . . . . .  . . . .  . . .  :. 

. . . . . .  0.81 . . . . . .  0.97 . . . . . . .  60 . . . . . . . .  0 
mACA 65( 06)AOO6.5 

. . Plain f lap . . . . . .  0.51 . . . . . .  1.78 6 I . . . . . . .  0.37 I 

! 
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Figure 4.- Booster-model cofiination on the lawcher. 
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Figure 5.- Disposition of the  instrumentation  within the model. - 
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Figure 7.- The effect c f  angle of attack on llft for several oscillations; 
6 = -9. 
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Figure 10.- Section of telemeter record showing buffet. 
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Figure 11. - Mhhm and baae drag coefficients. 
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(b) L i f t  coefficient for maximum l i f t -drag  ra t io .  

Figire 16.- Maximum lift-drag ratio and the lift coefficient f o r  (L/D)-, 
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(a) Minimum drag. 
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(b) Lift coefficient for minimum drag. 
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Figure 18.- Effect of elevon deflection on drag. 
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Figure 22.- Period 'of the bngi tudiml ,  oscillation. 
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Figure 23.- Longitudinal  static stability. 
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(a) Time to damp to half amplitude. 
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(b) Damping derivatives. 

Figure 24.- Damping characteristics of the short-period longitudfnal 
0 scKuations. 
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(a) Lift  -effectiveness. ' 

Figure 25.- LongitudFaal-control  effectiveness. 
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(b) T r i m  lift coeffkient per degree elevon deflection. 

Figure 26.- Longitudfnal-control effectiveness f o r  trim. 
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